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Specification 
Title of the Invention 
Frequency Offset Detection Processing System and 
Frequency Offset Detection Processing Method 
5 Using the Same 

Background of the Invention 

The present invention relates to a frequency 
offset detection processing system and a frequency 

10 offset detection processing method using the same, 

CDMA (Code Division Multiple Access) is one of 
communication schemes currently used in mobile 
communication systems. CDMA is a communication system 
in which data is spread on the transmitting side by 

15 using a code, and the transmitted data is decoded by 

despreading it on the receiving side by using the same 
code. In a mobile device, AFC (Auto Frequency Control) 
control is performed to make the reference frequency of 
the base station coincide with that of the mobile 

20 device. In AFC, the shift (frequency offset) between 

the reference frequency of the base station and that of 
the mobile device is detected from a pilot signal 
transmitted from the base station, and correction is 
executed. When a frequency offset exists, phase 

25 movement occurs between the symbol of an immediately 
preceding pilot signal and the current pilot signal 
(Fig. 7). On the basis of a phase moving amount 0 , the 
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frequency offset can be calculated by 

Af = Rate X ( 0 /360°) 
(Af: frequency offset, 0: phase moving amount between 
symbols of pilot signals, Rate: symbol rate of pilot 
5 signal) 

In actual radio communication, the phase of a 
reception signal varies due to white noise or fading. 
Accordingly, the accuracy of the phase moving amount 
detection value by a frequency offset decreases. To 

10 solve this problem, there is a method of averaging phase 
moving amount detection values by a plurality of 
frequency offsets to increase the detection accuracy. 
Fig. 8 shows the averaging processing. Let 0 1, 0 2,... 
0 n be phase moving amount detection errors by a 

15 frequency offset. A detection error after the averaging 
processing is given by 

n 

G a* ^0 k /n 

Since the values 9l to On are random, they 
are time-averaged to 0 . A detection error 6a after 

20 the averaging processing is smaller than that before 

averaging at a high probability. For this reason, the 
detection error can be reduced. The theoretical 
frequency offset detection limit value corresponds to 
the phase moving amount 9 within the range of -180° to 

25 +180°. If 6 exceeds ±180°, the direction of shift of 

the frequency offset is erroneously determined. At this 
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time, the sign of the phase moving amount detection 
value by the frequency offset is different from the 
actual sign of the phase moving amount detection value 
by the frequency offset. For example, when the actual 
5 phase moving amount is -190°, the detection value is 

+170°, i.e., the sign is erroneously determined. Under 
the influence of noise or fading, even when the phase 
moving amount does not exceed the range of -180° to 
+180°, the sign may erroneously be detected. 

10 Fig. 9 shows this situation. The phase moving 

amount by a frequency offset is +170°. When the phase 
rotates by +25° due to noise, the phase moving amount is 
+195°. However, the detection value is -165°, i.e., an 
error occurs. If a detection value with a false sign is 

15 included in detection values to be added in averaging 
processing, the detection accuracy greatly degrades. 
Referring to Fig. 10, when some detection values (1), 
(2), and (3) have a false sign, an average da of the 
detection values greatly changes from an actual phase 

2 0 moving amount Of. 

To solve the above-described problem and 
increase the accuracy for detecting the shift direction 
of a frequency offset in AFC control, a method of 
executing majority determination for the detection 

25 values of the shift direction of the frequency offset is 
used (Japanese Patent Laid-Open No. 9-233139) . In this 
method, to separately process the magnitude and 
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direction of phase shift data, an automatic frequency 
control apparatus having a means for extracting only the 
magnitude information of a phase shift, a means for 
averaging only the magnitude information of the phase 
5 shift, a means for extracting only the direction 

information of the phase shift, and a means for making 
decision by majority for the direction information of 
the phase shift and selecting a direction of majority is 
used. The frequency of a local generation unit is 
10 controlled in accordance with the average value and 
majority. 

Thermal noise added to a reception signal in 
radio communication normally has a Gaussian 
distribution. When measurement is executed for a 

15 sufficiently long time, the central value of the 

distribution of the phase shift detection values and the 
actual phase shift have an almost same value (Fig. 11A) . 
However, in the above-described method described in 
Japanese Patent Laid-Open No. 9-233139, the distribution 

20 of phase shift detection values after conversion by the 
majority determination result is distorted. Hence, the 
central value ( % actual phase shift) of the 
distribution and the average value (= detection value 
after processing) of the distribution have different 

25 values (Fig. 11B) . Hence, the phase shift detection 

error due to interference of thermal noise or the like 
cannot sufficiently be reduced. 
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Summary of the Invention 

It is an object of the present invention to 
provide a frequency offset detection processing system 
and a frequency offset detection processing method using 
5 the same, which execute majority determination and 

detection value conversion processing before averaging 
processing to increase the detection accuracy. 

In order to achieve the above object, 
according to the present invention, there is provided a 

10 frequency offset detection processing system including a 
TCXO (Temperature Compensated Crystal Oscillator, 
Temperature Compensated X'tal Oscillator) which 
generates a reference frequency, a demodulation unit 
which demodulates a reception signal, a frequency offset 

15 detection unit which detects a frequency offset from a 
phase moving amount between symbols of adjacent pilot 
signals, and an AFC (Auto Frequency Control) control 
unit,, wherein the AFC control unit comprises a majority 
determination unit which determines whether each of 

20 phase moving amount detection values by a plurality of 
frequency offsets, which are detected for a 
predetermined time and read out from the frequency 
offset detection unit, is a positive value or a negative 
value, and totalizes to determine which of the positive 

25 values and the negative values are larger in number, a 

detection value conversion unit which converts the phase 
moving amount detection values read out from the 
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frequency offset detection unit in accordance with a 
majority determination result from the majority 
determination unit, an averaging processing unit which 
executes processing for adding the phase moving amount 
5 detection values read out from the frequency offset 
detection unit and converted by the detection value 
conversion unit and dividing a sum by the number of 
added values, a correction value calculation unit which 
calculates a frequency offset from the phase moving 

10 amounts after averaging processing by the averaging 

processing unit, and a TCXO control unit which corrects 
TCXO control on the basis of the frequency offset 
calculated by the correction value calculation unit. 
Brief Description of the Drawings 

15 Fig. 1 is a block diagram showing the 

arrangement of a frequency offset detection processing 
system according to the embodiment of the present 
invention; 

Fig. 2 is a flow chart showing a frequency 
20 offset detection processing method using the frequency 
offset detection processing system according to the 
embodiment of the present invention; 

Fig. 3 is a flow chart of majority 
determination and conversion processing; 
25 Fig. 4 is a graph showing detection value 

conversion processing; 

Fig. 5 is a graph showing averaging processing 
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after conversion; 

Fig. 6 is a graph showing the distribution of 
phase shift detection values after conversion by a 
majority determination result according to the present 
5 invention; 

Fig. 7 is a graph showing frequency offset 

detection; 

Fig. 8 is a graph showing processing for 
averaging phase moving amount detection values by a 
10 plurality of frequency offsets; 

Fig. 9 is a graph showing a state wherein when 
the phase moving amount by a frequency offset is +170°, 
and the phase rotates by +25° due to noise, the phase 
moving amount of +195° is detected as an erroneous value 
15 of -165°; 

Fig. 10 is a graph showing a state wherein 
when some detection values have a false sign in 
averaging processing, an average 0a of the detection 
values greatly changes from an actual phase moving 

2 0 amount Of; and 

Figs. 11A and 11B are graphs showing a state 
wherein the central value actual phase shift) of the 

distribution of phase shift detection values after 
conversion by a majority determination result and the 

25 average value (= detection value after processing) of 
the distribution have different values. 
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Description of the Preferred Embodiment 

The embodiment of the present invention will 
be described below in detail. 

The present invention relates to a frequency 
5 offset detection method in CDMA (Code Division Multiple 
Access) . In frequency offset detection processing in 
AFC (Auto Frequency Control) control, phase moving 
amount values between symbols, which are detected for a 
predetermined time, are averaged to reduce the 

10 degradation in detection accuracy due to fading or white 
noise. When the phase moving amount between symbols by 
a frequency offset is close to ±180°, the shift 
direction of the frequency offset may erroneously be 
determined due to the influence of interference or the 

15 like. When a detection value with an erroneous shift 

direction is included in detection values to be added in 
averaging processing, the detection accuracy greatly 
degrades. The present invention solves this problem by 
determining the shift direction of a frequency offset by 

20 majority determination before averaging processing and 
making the signs of detection values coincide from the 
majority determination result. 

Referring to Fig. 1, the embodiment of the 
present invention includes a TCXO (Temperature 

25 Compensated Crystal Oscillator, Temperature Compensated 
X ! tal Oscillator) 10, AFC control unit 20, demodulation 
unit 30, and frequency offset detection unit 40. The 
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TCXO 10 generates a reference frequency. The 
demodulation unit 30 demodulates a reception signal. 
The frequency offset detection unit 40 detects a 
frequency offset from the phase moving amount between 
5 adjacent pilot symbols. The AFC control unit 20 

includes a majority determination unit 21 for phase 
moving amount detection values by frequency offsets, a 
detection value conversion unit 22, an averaging 
processing unit 23, a correction value calculation unit 

10 24, and a TCXO control unit 25, which execute 
corresponding processing operations . 

The overall operation of the embodiment of the 
present invention will be described in detail with 
reference to Figs. 2 to 5. First, the frequency offset 

15 detection unit 40 detects a frequency offset from the 

phase moving amount between the symbols of pilot signals 
(Fig. 2: step SI). The demodulation unit 30 reads out 
values from the frequency offset detection unit and 
executes majority determination for phase moving amount 

20 detection values by a plurality of frequency offsets, 
which are detected for a predetermined time (Fig. 2: 
steps S2 and S3) . In majority determination, it is 
determined whether each phase moving amount detection 
value by a frequency offset is a positive value or a 

25 negative value. The positive and negative values are 

totalized to determine which of the positive values and 
negative values are larger in number (Fig. 3: step Sll) . 
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This processing is done to determine the shift direction 
of the frequency offset. Next, the phase moving amount 
detection values are converted in accordance with the 
result of majority determination (Fig. 2: step S4). 
5 Detection values with a sign, which are determined as 
smaller in number by majority determination, are 
regarded as values whose shift direction of the 
frequency offset is erroneously determined, and the 
error is corrected. The phase moving amount detection 

10 values are converted as follows. 

"When the number of negative detection values is 
smaller" (Fig. 3: steps S12 to S14) 

Negative detection values +360° + negative 
detection values 

15 "When the number of positive detection values is 
smaller" (Fig. 3: steps S15 to S17) 

Positive detection values — ► -360° + positive 
detection values 

Fig. 4 shows a state wherein the above 

20 conversion processing is applied when the phase moving 
amount exceeds 180° due to noise, as shown in Fig. 8. 
At the reception point as shown in Fig. 4, the phase 
moving amount detection value is -165°. When it is 
determined as a result of majority determination that 

25 the number of negative detection values is smaller, the 
negative detection values are converted. More 
specifically, the values are converted by 
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-165° +360° - 165° = +195° 

With this processing, the direction of the 
phase moving amount erroneously detected due to the 
influence of noise can be corrected. Averaging 
5 processing is executed for the detection values after 
conversion (Fig. 2: step S5) . In the averaging 
processing, the phase moving amount detection values by 
the plurality of frequency offsets, which are detected 
for a predetermined time, are added, and the sum is 

10 divided by the number of added values. With the 

averaging processing, the influence of interference 
components can be reduced, and the detection accuracy 
for the phase moving amount detection value by the 
frequency offset can be increased. The signs of all 

15 detection values are made to coincide by determining the 
shift direction before the averaging processing. Hence, 
even when the shift direction of the frequency offset is 
erroneously determined for some detection values, the 
detection accuracy can effectively be increased by the 

20 averaging processing. 

Fig. 5 shows a state wherein the above 
conversion processing for converting the detection 
values with a sign, which are smaller in number, is 
applied when the shift direction of the frequency offset 

25 is erroneously determined, as shown in Fig. 10. Before 
the conversion processing is executed, the shift 
direction of the phase moving amount is erroneously 
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determined for detection values (1), (2), and (3). For 
this reason, an average 9 a of the detection values 
greatly changes from a phase moving amount 0b by the 
frequency offset. The values are converted as (1) — ► A, 
5 (2) — * B, and (3) C by the conversion processing. 
Accordingly, the average of the detection values is 
corrected as 9 a 9b. A value that is almost the same 
as the phase moving amount by the frequency offset can 
be detected. A frequency offset is detected from the 

10 detected phase moving amount. TCXO control is corrected 
on the basis of the calculated frequency offset. 

The distribution of the phase shift detection 
values after conversion by the majority determination 
result in this embodiment is almost a Gaussian 

15 distribution. The central value (% actual phase shift) 
of the distribution and the average value (= detection 
value after processing) of the distribution have almost 
the same value (Fig. 6) . Hence, the method of this 
embodiment can reduce the phase shift detection error 

20 caused by interference of thermal noise or the like more 
than the method described in Japanese Patent Laid-Open 
No. 9-233139. 

In the embodiment of the present invention, 
majority determination is used as the method of 

25 determining the shift direction of a frequency offset. 
The determination may be done after weighting is 
executed in accordance with the reception power or the 



- 12 - 



magnitude of the phase moving amount. 

In the embodiment of the present invention, 
CDMA has been exemplified. However, the present 
invention can also be applied to any other radio 
5 communication scheme which requires frequency 

synchronization between a base station and a mobile 
device . 

As described above, the present invention has 
the following effects. 

10 In frequency offset detection processing in 

AFC control, when a phase moving amount by a frequency 
offset is close to ±180°, the shift direction of the 
frequency offset may erroneously be determined due to 
fading or noise. For this reason, it may be impossible 

15 to effectively execute averaging processing for reducing 
the detection error. 

As an effect of the present invention, when 
majority determination and conversion processing of 
phase moving amount detection values by frequency 

20 offsets are executed before averaging processing, the 
above problem can be solved. 

In addition, the distribution of the phase 
shift detection values after conversion by the majority 
determination result in the present invention is almost 

25 a Gaussian distribution. The central value actual 
phase shift) of the distribution and the average value 
(= detection value after processing) of the distribution 
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have almost the same value. Hence, the phase shift 
detection error due to interference of thermal noise or 
the like can be reduced more than the prior-art method. 
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